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propagator 1. $C_{N,N}^{N-l}$ $r_{\overline{\mathcal{F}}7}^{-}$






Green $W[J_{1}, \ldots, J_{N}]$ $0$
$\exp(iW[J_{1}, \ldots, J_{N}])$
$\equiv\int[d\varphi]\exp i\{\int d\ \mathcal{L}(\varphi(x))+\sum_{i=1}^{N}\int d\ 1$ $d\ iJ_{i}(x_{1}, \ldots, x_{i}.)$
$\cross(\varphi(x_{1})\varphi(x_{2})\cdots\varphi(x_{i})-\langle\varphi(x_{1})\varphi(x_{2})\cdots\varphi(x_{i})\rangle_{J=0})\}$ (2)
$\mathcal{L}$ Lagrangian \varphi (x)
$0$ probe $J$ 1 $N$
$0$ ( o)




$\Gamma[\phi_{1}, \ldots, \phi_{N}]=W[J_{1}, \ldots, J_{N}]-\sum_{i=1}^{N}J_{i}\phi_{i}$ (3)
$\phi_{i}\equiv\phi_{i}(x_{1}, \ldots, x_{i})=\frac{\delta W[J_{1},..\cdot.\cdot.’ J_{N}]}{\delta J_{i}(x_{1},,x_{i})}$ (4)




\phi l(0)(xl, . . . , $x_{l}$ ) $=\{0|T\hat{\varphi}(x_{1})\cdots\hat{\varphi}(x_{l})|0\}_{J=0}$ $0$
$\delta^{2}\Gamma/\delta\phi_{j}\delta\phi_{k}$ channel decouple
o $N\geq 5$ \Gamma $[$\phi 1, ..., $\phi_{N}]$ o
(5) \Gamma $(\phi_{i}-\phi_{i}^{(0)})$ 2 $0$
Legendre
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$\Gamma_{0}[J_{1}, \ldots, J_{N}]\equiv W[J_{1}, \ldots, J_{N}]$ (7)
$\phi_{i+1}(x_{1}, \ldots,x_{i+1})\equiv\frac{\delta\Gamma_{i}[\phi_{1},\ldots,\phi_{i},.J_{i.+1},\ldots,J_{N}]}{\delta J_{i+1}(x_{1},.,x_{i+1})}$ (8)
$\Gamma_{i+1}[\phi_{1}$ , . . . , $\phi_{i+1},$ $J_{i+2}$ , . . . , $J_{N}]$
$\equiv\Gamma_{i}[\phi_{1}, \ldots, \phi_{i}, J_{i+1}, \ldots, J_{N}]-J_{i+1}\phi_{i+1}$ (9)
$N$ Legendre $\Gamma_{N}[\phi_{1}, \ldots, \phi_{N}]$ $\Gamma[\phi_{1}, \ldots, \phi_{N}]$
(3) (4) (7) $\sim(9)$
$0$ 2
$\Gamma_{i}[\phi_{1}, . . . \phi_{i}, J_{i+1}, \ldots, J_{N}]$
$= \frac{1}{2}(\phi_{1}, \ldots, \phi_{i}, J_{i+1}, \ldots, J_{N})[b_{i+1_{1}}^{i^{i.’ 1}}a_{i^{i}}^{1,1_{1}}a_{N}^{i}b:,\cdots b_{i+1_{i},i}^{i^{i,i^{i}}}a_{N}^{i}ba_{i^{1}’}^{i}:.,c_{i+^{i}1’i+1}^{i}c^{b_{i^{i,i.+1}}^{1,i+1}}b_{N,i+1}^{i}:,’..\cdot\cdot..\cdot c_{c}^{b_{N}^{i}}b_{i^{i’}’}^{i}i:_{N}:^{1_{N}^{N}})[J_{J_{N^{i}}^{i+^{1}1}}^{\phi}\phi)(10)$
\phi \phi $a$ $\phi J$ $b$ $JJ$ $c$ $a,$ $b,$ $c$
$i$ Legendre $i$ o




$a_{j}^{i+_{k}1}=a_{j,k}^{i}-b_{j,i+1}^{i}(c_{i+1,i+1}^{i})^{-1}b_{i+1,k}^{i}$ $(1\leq j, k\leq i)$ (11)
$a_{j,i+1}^{i+1}=a_{i}^{i}\ddagger^{1}1,j=b_{j,i+1}^{i}(c_{i+1,i+1}^{i})^{-1}$ $(1\leq j\leq i)$ (12)
$a_{i}^{i}\ddagger^{1}1,i+1=-(c_{i+1,i+1}^{i})^{-1}$ (13)
$b_{j,k}^{i+1}=b_{j,k}^{i}-b_{j,i+1}^{i}(c_{i+1,i+1}^{i})^{-1}c_{i+1,k}^{i}$ $(1 \leq j\leq i, i+2\leq k\leq N)$ (14)
$b_{i}^{i}\ddagger^{1}1,j=(c_{i+1,i+1}^{i})^{-1}c_{i+1,j}^{i}$ $(i+2\leq j\leq N)$ (15)




$\Gamma_{N}[\phi_{1}, \ldots, \phi_{N}]=-\frac{1}{2}\phi B^{t}CB\phi$ (17)






$\Gamma_{N}[\phi_{1}’, \ldots, \phi_{N}’]=-\frac{1}{2}\sum_{i=1}^{N}\phi_{i}’(c_{i,i}^{i-1})^{-1}\phi_{i}’$ (20)
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$\Gamma_{N}$ \phi ’ o (5) (1)
channel $N$ $\circ$
$C_{N,N}^{N-1}$ o 1









$i$ $\vee\supset\backslash$ ) .
$\lambda+|^{1},*\downarrow^{\backslash (\underline{I-}}$
,





$C_{N,N}^{N- 1}$ (1) $(c_{N,N}^{N-1})^{-1}$
o $N$
$N=1,2,3$ $N\geq 4$
$N=1$ $c_{1,1}^{0}$ propagator bear propagator
$\triangle_{F_{ba’\cdot e}}$ 1 2 \Sigma
$c_{1,1}^{0}=i\triangle_{F_{ba’\cdot e}}+i\triangle_{F_{ba’\cdot e}}\Sigma\triangle_{F_{ba’\cdot e}}+i\triangle_{F_{ba’\cdot e}}\Sigma\Delta_{F_{ba’\cdot e}}\Sigma\triangle_{F_{ba’\cdot e}}+\cdots$
$=i\Delta p_{ba\prime\cdot e}+\triangle_{F_{ba’\cdot e}}\Sigma c_{1,1}^{()}$ (21)
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$(c_{1,1}^{0})^{-1}= \frac{1}{i}\{\triangle_{F_{ba\tau^{\backslash }e}}^{-1}-\Sigma\}$ (22)
$x$ modified Klein-Goldon $0$$i($ (23)$N=2$ $c_{2.2}^{1}$ 2 propagator
propagator $\triangle_{F\text{ }}2$ 4 symmetrize
$I_{2}$




$x$ 2 BS o
$\int d\phi_{1}dv_{2}\{\Delta_{F}^{-1}(x_{1}-y_{1})\Delta_{F}^{-1}(x_{2}-y_{2})-\frac{1}{2!}V_{2}(x_{1}, x_{2};y_{1},y_{2})\}\Delta\phi_{2}(y_{1},y_{2})=0(26)$
$N\leq 3$ kernel $N$







3 3 6 $V_{3}$
topological $P$ kernel
$K$ $3!K=V_{3}+P[V_{2}\triangle_{F}^{-1}]$ o
4 combinatorics $K$ naive
$4!K=V_{4}+P[\iota^{r_{3}},\triangle_{F}^{-1}]+P[V_{2}\triangle_{F}^{-1}\triangle_{F}^{-1}]$
$0$





(i) 2 $\underline{\frac{1I^{-}}{||}}V_{2}^{\underline{\frac{t_{11}\ulcorner^{--}1}{|1’|}}}\wedge^{-}-$ $arrow^{\urcorner\ulcorner^{--\uparrow}}t-\ulcorner^{--}$
$\frac{\prime I\dagger|V_{2}|\prime|}{|\prime|}$
$K$ $V_{2}$ 2 $\underline{|||ItI}$ $|arrow 1|$
$K$
$\sim_{L--J^{It}L_{--}^{(}J}^{V_{2^{1\prime}}}1$ $\overline{\prime\prime\prime-\underline{|}}\frac{V_{2^{\overline{|\downarrow|}}\prime}\prime\prime}{--l\llcorner--J}$
$(ii)V_{2}$ 2 $K$ (b)
2 $K$ 3 $V_{2}$ 2 $\llcorner\xi,\ovalbox{\tt\small REJECT}_{[\text{ }}$
$A_{\backslash }*\ovalbox{\tt\small REJECT} a>P^{VO}P^{a}3^{a.b_{1}-g\not\in t}$ .












$+ \sum_{\{k_{\backslash }\alpha_{k}\}}\frac{1^{1}}{N!}P[(-1)^{k}V_{\alpha_{1}}V_{\alpha_{2}}\cdots V_{\alpha_{k}}(\triangle_{F}^{-1})^{N-\Sigma_{j=1}^{k}\alpha_{j}}]\}I_{N}$ (30)
$i$ $i$ $i$




$N$ Fermi sea $N$
Schr\"odinger $\circ$ $V$ potential
(30) non-linear potential linear
$N$ Schr\"odinger
$0$ probe $N$ $N$
projection





(19) $B$ \phi \phi ’
$0$ probe
$J_{j}$ $J_{j}=\Sigma_{k=1}^{N}J_{k}’(B)_{kj}$ $B$




$\Delta\phi_{i}^{\prime(?\iota)}=\frac{1}{n!}\sum^{N}[\nu V_{i..:_{1\backslash }}^{t_{\tau i_{\tau\iota}}^{\gamma 1.+.1.)}}.,(B),:’.i(B)_{i_{1}’,i_{1}}(c_{i_{1},i_{1}’}^{1:_{1}-1})^{-1}i,i_{k},i_{k}’=1(k=1\ldots.,n)’ . . . (B)_{i_{\iota}’.i_{\iota}},(c_{i_{\iota}’.i_{\iota}’}^{i_{;^{l}},-1})^{-1}]$
$X\Delta\phi_{:_{1}^{(1)}}’,$, . . . $\Delta\phi_{i_{l}’}^{\prime(1)}$ (31)
$\mathfrak{l}/V^{(?\iota+1\rangle}$ $l^{i}V$ $J_{i},$ $J_{j_{1}}$ , . . , $J_{i_{\iota}}$,
$B$ $(7\iota+1)$
$i_{i}’(j=1, A:)\sum^{N}\ldots,|!V_{i_{1},\ldots,?}^{(k\cdot)}\cdot,.(B)_{i_{1},i_{1}’}\cdots(B)_{i_{k},i_{k}’}=\{_{0^{i-.1,\ldots,i_{\lambda:}-1}}c_{i_{1\backslash }^{1}..,i_{k}}$




o (6) $B$ (
) $0$ $c_{i_{1\backslash \cdot\cdot\backslash }’i_{\lambda:}}^{i_{1}-.1_{\backslash }.\cdots,i_{k}-1}$
$\vee^{\backslash })^{\prime_{e}}\zeta 3$ -
$0$








Lagrangian vertex —\delta \phi i(x\delta l\Gamma ,...,xi)l\phi $=\phi^{(0)}\varphi(x_{1})$ $\varphi(x_{i})$
$0$
4.
$\bullet$ $N$ (1) $0$ $C_{N.N}^{N-1}$
1 $0$
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